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About this document

This guide is designed to assist the user in becoming quickly familiar with the capabilities of VisFlo, its
interface and how the program is used.

It has been produced to the recommendations of British Standard BS7649 — Guide to the design and preparation
of documentation for users of application software.

Trademarks

All trademarks acknowledged.

Contacting PEL Support Services

This program is developed, maintained and supported by PEL Support Services, ABB. We run a Hotline
telephone and email service to answer any queries about VisFlo.

Please let us have any suggestions on how you feel we could improve VisFlo. You can contact us by any of the
following routes:

By Telephone:  ++44 (0)1925 74 1126
By Fax: ++44 (0)1925 74 1265
By E-mail: pel.support@gb.abb.com

By Post: PEL Support Services
ABB Ltd.
Daresbury Park
Daresbury
Warrington
Cheshire
WA4 4BT
United Kingdom.

Owner: M. G. Pass, ABB
Approved By: M. G. Pass, ABB
Document Version / Issue Date: Document Version 1.4 / 24 October 2005
Last Amended Date: 24 October 2005
Last Amended By: G. Langford, ABB
© ABB 2001

No part of this publication may be reproduced, transmitted, transcribed or stored in any retrieval system or
translated into any human or computer language without the prior written permission of ABB.
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Change history

This table records the changes made to each new revision of this document.

Changes to approved issues are indicated by a double revision bar on the outer margin next to the text. This is H
an example.

Revision \ Date Description of change
1.0 07 March 2000 First Approved Issue
1.1 08 March 2001 Second Approved Issue.

This issue completely replaces previous versions of this document as
the user interface has been significantly upgraded.

1.2 21 March 2001 Third Approved Issue (ABB logo added).
1.3 10 October 2002 Fourth Approved Issue (Industrial IT logo & paragraph added,
“Eutech” removed, Front page modified.)
1.4 24 October 2005 Removed Industrial IT logo and paragraph.
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1. VisFlo User Guide

1.1. Introduction

The VisFlo program can be used to perform pressure drop and heat transfer calculations on
Newtonian and non-Newtonian liquids in pipe flow.

The program has three modes of operation:

Isothermal Pressure Drop

VisFlo can be used to calculate pressure drop from flowrate
or vice versa for isothermal flow in a pipe system. Both
laminar and turbulent flow can be handled and a variety of
pipe fittings are available.

Laminar Flow Heat Transfer VisFlo can be used to calculate pressure drop and heat

transfer for laminar flow in straight pipes. Either wall
temperature or wall heat flux boundary conditions can be
specified.

Turbulent Flow Heat Transfer  VisFlo can be used to calculate pressure drop and heat

transfer for turbulent flow in straight pipes.

Details of the calculation procedures for the three modes of operation are given in the relevant
chapters of the non-Newtonian flow design guide. The fluid viscous properties are assumed to be
described by the Generalised Bingham model:

T =1, +K*Y'

where:

Ty -

IfTy=0 -
IfTvyZ0andn=1 -

IfTvy=0andn=1 -

Shear Stress

Yield Stress

Consistency Index

Shear Rate

Flow Behaviour Index

the model represents the well know power-law behaviour.
the model represents Bingham Plastic behaviour.

the model represents a Newtonian fluid and K is the absolute
viscosity.

VisFlo User Guide
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In the laminar flow heat transfer calculation the consistency index is considered to be a function of
temperature and defined by the equation:

* i_ 1
K = Ko*el™ 7))
where:

Ko = a reference consistency index at temperature To
A = the temperature dependence parameter (K)

To = the reference temperature (K)

T = the fluid temperature (K).

Both Ty and n are assumed to be independent of temperature.

In the turbulent flow heat transfer calculation, the viscous properties are assumed to be
independent of temperature. Fluid properties at the average bulk temperature should be used.

In all three modes of operation the user has the option of supplying either the generalised Bingham
model parameters described above or absolute viscosities for a Newtonian fluid.

VisFlo uses Sl units for input and output except that all temperatures including the reference
temperature are in Degrees Centigrade.

Page 8 of 50
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1.2. How this guide is structured

This guide is designed to assist the user in becoming quickly familiar with the capabilities of, its
interface and how the program is used.

The chapters are organised as follows:

Chapter 1 An introduction to VisFlo.
Chapter 2 Details the VisFlo user interface.

Chapter 3 A tutorial to guide the user through a typical VisFlo session emphasising
the commonly used features. It is recommended that the user should read

this chapter while running the program.

VisFlo User Guide Page 9 of 50
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2. The VisFlo User Interface

The VisFlo user interface displays tabs that allow easy definition of the physical properties being
calculated. The following sections of this chapter contains detailed information on the functions
available with the dialogues assigned to these tabs.

On-line documentation is available within the program.

2.1. The VisFlo Start up Screen
The VisFlo start up screen (see consists of the following:

Menu Bar Displays the available options.

Toolbar Buttons Descriptive text appears automatically as the cursor is held over the
buttons describing their function.

Tree View Display ~ Used to store and retrieve calculations generated by the user or brought
in from file. Click on the plus sign to expand the tree, the minus sign to
collapse it and click on the calculation in the list to display it.

Calculation Data Clicking on these tabs displays the input screens for the type of
Input Tabs calculation selected.
Display Calculation  Displays the calculation results.
Results
Status Bar Displays program status information.
Menu Bar

Calculation Data
Input Tabs

Toolbar Buttons

B Qewrn Jut glemien pow
C-dESR A, Display
— Calculation
e Results
Tree View
Status Bar

Figure 1 VisFlo Start up screen

The following sections of this chapter contain detailed information on the functions available
within these tabs.

VisFlo User Guide Page 11 of 50
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Isothermal Calculation

Used to calculate pressure drop from flowrate or vice versa for isothermal flow in a pipe system.

Click on the plus sign to expand the tree, the minus sign to collapse it and click on the calculation
in the list to display it.

Note. Clicking on a calculation from the tree view more than once will duplicate an instance of
it and make it available for comparing results with slight modifications to input.

[H— |p|:u-..|:u-|nh] Conduts |
Cimscnphion of caloulshor [lscthema Tasn
Flud Deerrsity [100000 | ko
Cask- dab Method | Gansrakized Eingham [ |
Viscoeily Solbnge
Talry 1 000
K |I' ik
M |I.' S0
Calculston Mods [ Fressuee Drog Foed =|
Flow Snltings
Fleew Fisi ||' 1] kg's
Presmas [op || (00 kgfe
Flereaste Comesrgenos ||_' 1] kpfem
Cokcune | pE | pacel |

Rezuliz

Figure 2 Isothermal Calculation dialogue

The following selections can be made from this dialogue:
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Usage
Description of Mandatory
calculation Enter a text string to identify the calculation.
Fluid Density Mandatory.

The actual density of the fluid at operating temperatures. The units can
be chosen as appropriate.

Calculation Method Mandatory.

Select the Calculation Method from either Newtonian Fluid or
Generalised Bingham.

The following selections are available when Newtonian Fluid is
selected:

Viscosity Settings
* Viscosity at Bulk Temperature.
Calculation Mode

Select either Flow Rate Fixed or Pressure Drop Fixed from the drop
down menu.

* Flow Rate Fixed
Enter values under Flow Settings for:
- Flow Rate.

e Pressure Drop Fixed
Enter values under Flow Settings for:
- Flow Rate
- Pressure Drop
- Flowrate Convergence.

The following selections are available when Generalised Bingham is
selected:

Viscosity Settings

« TAUY

« K

* N

Flow Settings

* Flow Rate

e Pressure Drop

* Flowrate Convergence.

Calculate Performs the calculation and displays any results in the Results field.
OK Saves the calculation and the entered data to the tree view.
Results The field where the calculated results are displayed (see Figure 13]for
an example).
VisFlo User Guide Page 13 of 50
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2.2.1. Isothermal Calculation — Pipeline Details Tab
Used to add Pipeline details for the Laminar calculation.

[rozmn

5000.00

I.000

Figure 3 Pipe Details dialogue
The following selections can be made from this dialogue:
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Usage
Pipeline Details Mandatory.
Enter values for:
e Inlet Pipe Diameter
The internal pipe diameter of the inlet pipe.
e Qutlet Pipe Diameter
The internal pipe diameter of the inlet pipe.
e Start Elevation
The height of the inlet pipe above ground level.
* End Elevation
The height of the outlet pipe above ground level.
Calculate Performs the calculation and displays any results in the Results field.
OK Saves the calculation and the entered data to the tree view.
VisFlo User Guide Page 15 of 50
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2.2.2.

Isothermal Calculation — Conduits Tab

Through the display, conduit types and data can be entered, removed and sorted in the order the
pipeline system and components are assembled.

[zathermal | Pipeline Details  Conduits |

Sudden Contraction Conduit Type
Pipe Straight I j
Gate Valve
Elbow _
Globe Walve Diameter IIII.EI?EE ™
Orifice Diameter I e
Abzolute Roughness I e
Length I— )
Upstream Diameter I [
Davnztream Diameter I [
Murnber O |1
L2 i
Daowveny Up
Calculate ok | LCancel |

Figure 4 Conduits dialogue

The following selections can be made from this dialogue:
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Usage
Conduit Type Mandatory.
The following Conduit Types can be selected:
e Pipe Straight
e Sudden Contraction
e Sudden Expansion
e Orifice Plate
e Elbow
e Gate Valve
e Globe Valve
Enter values for:
e Diameter
e Orifice Diameter
e Absolute Diameter
e Length
e Upstream Diameter
¢ Downstream Diameter
¢ Number Off.
Certain boxes may be greyed out depending on the Conduit Type
selected.
Add This button is used to Add a conduit to the list.
¢ Select one of the seven conduit types from the pull down list (for
example, Pipe Straight).
« Enter data appropriate to the conduit selected.
¢ Click on the Add button to add the conduit.
Note. Ensure that all fields have data entered or the conduit will not
be added to the list.
Remove This button is used to Remove a conduit from the list.
Select the conduit from list on left-hand then click on the Remove
button to remove from list.
Up / Down This button is used to reorder the Conduit list.
Select the conduit from the list on left-hand side then use the Up A and
Down W buttons to reposition it in the list.
VisFlo User Guide Page 17 of 50

Document Version 1.4 — 24 October 2005



Laminar Calculation

Used to calculate pressure drop and heat transfer for laminar flow in straight pipes. Either wall
temperature or wall heat flux boundary conditions can be specified.

Click on the plus sign to expand the tree, the minus sign to collapse it and click on the calculation

in the list to display it.

Note.

Clicking on a calculation from the tree view more than once will duplicate an instance of

it and make it available for comparing results with slight modifications to input.

Laminar | Adtionsl Details |

Drezcription of calculation

Fluid Denszity

[LLaminar Example

I?EE.EIEIEI kagdm3-

Calculation Method

Yiscoszity Settings

IGeneraIised Bingham

TALIY [ooon
K [z7o000°

IEI.S?EI
& [Freea0 o
o [1an000 C=
Heat Settings
Heat Capacity Im JAkg K
Thermal Conductivity Im WA ko
Coeff. of Thermnal Exp. W e
Fluid Temperature IM Cr

[~

Calculate I

ak.

LCancel I

Figure 5 Laminar Calculation dialogue

The following selections can be made from this dialogue:
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Usage
Description of Mandatory.
calculation Enter a text string to identify the calculation.
Fluid Density Mandatory.

The actual density of the fluid at operating temperatures.

Calculation Method Mandatory.
Select from either Newtonian Fluid or Generalised Bingham.

The following selections are available when Newtonian Fluid is
selected:

Viscosity Settings

« 1%and 2" Viscosity Values

« 1%and 2" Temperature Points.

Heat Settings

e Heat Capacity

e Thermal Conductivity

e Coefficient of Thermal Expansion

e Fluid Temperature.

The following selections are available when Generalised Bingham is

selected:
Viscosity Settings
« TAUY

« KO

* N

e A

« TO.

Heat Settings

e Heat Capacity

¢ Thermal Conductivity

e Coefficient of Thermal Expansion
e Fluid Temperature.

Calculate Performs the calculation and displays any results in the Results field.
OK Saves the calculation and the entered data to the tree view.
Results The field where the calculated results are displayed (see Figure 13]for
an example).
VisFlo User Guide Page 19 of 50
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2.3.1. Laminar Calculation — Additional Details Tab
Used to add additional details for the Laminar calculation.

Figure 6 Additional Details dialogue

The following selections can be made from this dialogue:
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Usage

Flow Rate

Pipeline Details

Radial and Axial
Settings

Mandatory.
Enter a value for the flow rate down the pipe.

Mandatory.

Enter values for:

*  Pipe Diameter

e Pipe Length

Wall Boundary

Select from either:

e Wall Temperature Spec
*  Wall Heat Flux Spec
Wall Condition

The following selection can be made when Wall Temperature Spec is
selected from the drop down menu:

e Wall Temperature (greyed out when Wall Heat Flux Spec is
selected).

The following selection can be made when Wall Heat Flux Spec is
selected:

e Wall Heat Flux (greyed out when Wall Temperature Spec is
selected).

Enter values for:

¢ Number of Radial Increments

e Axial Dimensionless Step.

VisFlo User Guide
Document Version 1.4 — 24 October 2005
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2.4. Turbulent Calculation
Used to calculate pressure drop and heat transfer for turbulent flow in straight pipes.
Click on the plus sign to expand the tree, the minus sign to collapse it and click on the calculation
in the list to display it.
Note. Clicking on a calculation from the tree view more than once duplicates an instance of it
and makes it available for comparing results with slight modifications to input.
Turbulent | Friction Parameters |
Description of calculation ITurI:quent Example
Fluid Drenzity |1 05000 kafmdw
Calculation Method IGeneralised Bingham j
Yizcosity Settings
TALY |IZI.IIIIZIIZI
K. [m.0m
N [n350
Heat Settings
Heat Capacity |42|:||:|.D|:| Jikg k=
Thermal Conductivity 0500 i o
Calculate ok LCancel
Figure 7 Turbulent Calculation dialogue
The following selections can be made from this dialogue:
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Usage
Description of Mandatory
calculation Enter a text string to identify the calculation.
Fluid Density Mandatory.

Calculation Method

Calculate
OK

Results

The actual density of the fluid at operating temperatures.

Mandatory.

Select from either Newtonian Fluid or Generalised Bingham.
The selections available when Newtonian Fluid is selected:
Viscosity Settings

* Viscosity at bulk Temperature.

Heat Settings

e Heat Capacity

¢ Thermal Conductivity.

The selections available when Generalised Bingham is selected:
Viscosity Settings

. TAUY
. K
N

Heat Settings
e Heat Capacity
¢ Thermal Conductivity.

Performs the calculation and displays any results in the Results field.
Saves the calculation and the entered data to the tree view.

The field where the calculated results are displayed (see Figure 13|for
an example).

VisFlo User Guide
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2.4.1. Turbulent Calculation — Friction Parameters Tab
Used to add additional details for the Laminar calculation.

o500
o020

Figure 8 Friction Parameters dialogue

The following selections can be made from this dialogue:
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Usage

Friction Factor Mode Mandatory.
Use the drop down menu to select from:
No Drag Reduction
Enter a value for Flow Rate.
Friction Factor versus Reynolds Number
Enter values for:
* Flow Rate
¢ Reynolds Number
»  Friction Factor.
Notice that the Reynolds Number and Friction Factor are displayed as
agrid.
Friction Velocity versus Degree of Drag Reduction
Enter values for:
¢ Flow Rate
e Friction Velocity
e Degree of Drag Reduction.
Notice that the Friction Velocity and Degree of Drag Reduction are
displayed as a grid.
Flow Rate Mandatory.
Enter a value.

Pipeline Details Mandatory.
Enter values for:
Pipe Diameter

Enter the required value or use the Pipe Inner Diameter Calculator (see
section for more information).

Absolute Roughness
Enter the required value or use the Pipe Roughness Calculator (see

section for more information).

VisFlo User Guide Page 25 of 50
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2.5. VisFlo Menus

This section lists the various VisFlo menus and describes the options that are available.

2.5.1. File Menu

The File menu allows the following options to be accessed:

Menu Option ‘ Definition ‘

New Creates a new Isothermal, Laminar or Turbulent calculation (a maximum of
four of each type can be created in one session).

Open Opens a previously saved calculation.

Save Saves the active calculation to file.

Print Prints the active calculated results.

Print Setup Defines the printer and properties required.

Print Preview Previews the results file in a text editor.

Exit Exits the VisFlo program.

2.5.2. Options Menu

The Options menu only allows the Default Units option to be accessed. This option changes the
default units used for the majority of input fields.

e |
J = | | Uzer Default = | Mazs Units: kg - | Malar Uniks:  mal .
Dezcription Init D escription I it
/Temperature A ¥ |t azz Specific Heat JAka k.
AP T waddell/S pecific Gravity  |=g Fazz Specific Yalume maka
Area me bolar Armount rniol
Areadlength mZdm Folar Denzity mol/m3
Coefficient of Cubical Expansion | /K. Folar Enthalpy JAmnol
Degrees of Arc rad bdalar Entropy J/mol K,
Degrees of Arc Per Unit Time radds bdalar Flow molds
Diffuzion Coefficient mas balar Specific Heat J/mol
Dimenzionless frac kalar Specific Yolume 3ol
Electric Charge caulonmb Falecular Weight kadmal
Electic Current anmnp Pawer W
Force M Fressure M /mz
Frequency Hz Preszure Difference M/ diff
Heat Energy J Prezsure Gradient /3
Heat Flus W2 R otation Speed revds
Heat Flus Y alume W3 Shart Length m
Heat Loss W Surface Tension Hdm
Heat Lozs/Distance Wem Temperature K.
Heat Transfer Cosfficient Wiima K Temperature diff K. diff
Heat Transfer Besstance e kA Thermal Conductiity WA E
Latitude/Anagle deqg Thermal Flaow '
Length m Time T
b az= Ammount kg Total Heat Flus W
b azz Density kadm3 Welocity s
b azz Enthalpy Jikg Wigoozity[Dynamic) M. z/mz
b azz Entropy Jikak Walume 3
b azz Flow kods Yalume Flow m3ss
b azz Floweibrea ka/me. = Wiork Ernergy J

Figure 9 Default Application Units window
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The following selections can be made:

Usage

New
Creates a new default units template.

Open
Opens an existing default units template to use.

Save
Saves the current units template under a different file name.

Save as Default Units

Default Units can be selected from:

» Engineering

e British

o SI

e User Default

The units can be changed and saved by performing the following:

1. Click in the unit field and select the appropriate type from the pull down
list.

2. Click on the Save Default Units icon.

s e

Mass Units Mass Units can be specified as one of the following:
g, kg, tonne, ton, US ton, cwt, 1b or slug.

Molar Units Molar Units can be specified as one of the following:
mol, kmol, gmol or Ibmol.
v Clicking on the down arrow w to the right of the ‘Molar Units’ field displays

an option ‘Add or Remove Buttons’ that allows the following menu options to
be added or removed:

e  New
e Open
e Save

e Save as default

e User:

e Mass Units:

e Molar Units:

Resize toolbar and customise facilities are available.

VisFlo User Guide Page 27 of 50
Document Version 1.4 — 24 October 2005



25.3.1.

Tools Menu

The Tools menu allows the following options to be accessed:

Pipe Inner

Diameter Calculator

Pipe Roughness Calculator.

These are described in the following sections:

Pipe Inner Diameter Calculator

This dialogue i

Select a standa

s used to calculate the pipe inner diameter.

rd pipe size then the available schedules for that pipe size. The details for that

combination are displayed at the bottom of the dialogue box.

Fipe Inner Diameter Calculator

Standard Fipe
Sizes

Schedules Available;

148"
144"
348"
142"
34"
7
114"
112"
o
212"

Y

Schedule 55

Schedule 105
Schedule 405
Standard "/ all

iSchedule 40
Scheduls 805

Eutra Strong
Scheduls 30
Schedule 160
Diouble Extra Strong

A |

Inner Diarmeter: I??.EE

WallThickness:|5.49 mm
Dutzide Diameter:lBB.E“:l mm

B eturn
mm "

Ok

Figure 10 Pip
The following

Usage

e Inner Diameter Calculator dialogue

selections can be made from this dialogue:

Standard Pipe Sizes
Schedules Available
Inner Diameter
Wall Thickness

Outside Diameter

Return

OK

Lists the pipe sizes available from 1/8" to 36".

Lists the pipe schedules available for the pipe size selected.
Displays the Inner Diameter of the selected pipe.

Displays the Wall Thickness of the selected pipe.

Displays the Outside Diameter of the selected pipe.

Use the radio button to indicate which selection is to be returned to
the program. The default is Inner Diameter.

Clicking on the OK button returns the chosen value to the program.
The value is pasted into the cell that was highlighted when the Pipe
Inner Diameter Calculator was selected.
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2.5.3.2.

2.5.4.

Procedure

1. Click in the field where the pipe inner diameter values are to be placed. Go to the Tools menu
and select Pipe Inner Diameter Calculator.

2. Select the required pipe size and schedule then click the Return radio button to the right of
the Inner Diameter box to return the values.

3. Click on OK. The values are automatically pasted into the field.

Pipe Roughness Calculator

This calculator is used to select a Surface Type and Absolute Roughness. Clicking on OK then
adds the selection to the calculation.

The units of measurement for roughness depend on the program calling the Pipe Roughness
Calculator. Those for PIPER are in mm. For other programs (for example, FLONET) the Pipe
Roughness Calculator displays and returns the relative roughness based on the relevant pipe

diameter.

By default, the units are in mm for PEW and the Absolute Roughness is returned.

Fipe Roughness Calculator - General Calculation !

The fallowing are quides as ta the roughness of 2ome topical
internal pipe sufaces:

Surface Type Abzolute Boughness

Glazz, plaztic, drawn tubing 000715
Stainless Steel 0.025
iMild Steel [slightly conmoded] [1.050
Mild Steel [moderate st layer] 0.250
Cazt iron, concrete, imber 0.250
Mild Steel (badly cormoded) 1.000
Brickwaork, 3.000

ok Lancel

Figure 11 Pipe Roughness Calculator dialogue

Procedure

1. Click in the field where the absolute roughness value is to be placed. Go to the Tools menu
and select Pipe Roughness Calculator.

2. Select the required surface type.

3. Click on OK. The value is automatically pasted into the field.

Window Menu
The Window menu allows the following standard Windows options to be accessed:

e Tile (horizontal and vertical)
» Cascade.
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2.5.5. Help Menu
The Help menu allows the following options to be accessed:

Access the VisFlo help menu for Contents, Index and Search
Link to the Technical Support topic within the help system
Access the ABB web site

Access the PEL Helpdesk web site for reporting problems
View the About VisFlo dialogue.
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2.6. The VisFlo Toolbar

The buttons on the toolbar allow the following options to be selected:

Button

[]

Purpose ‘

New Calculation
Creates a new Isothermal, Laminar or Turbulent calculation.

Equivalent File menu item — New

Clicking on the down arrow w next to the ‘New Calculation’ button displays the
More Tools menu that allows the following menu options to be added or removed:

¢ |sothermal
* Laminar
e Turbulent.

Open VisFlo Calculation File
Opens a previously saved calculation.

Equivalent File menu item — Open

Save Calculation Results File
Saves the active calculation to file.

Equivalent File menu item — Save

Print Calculation Results File
Prints the active calculated results.

Equivalent File menu item — Print

View Current Calculation Results
Previews the results file in a text editor.

Equivalent File menu item — Print Preview

Configure Default Units for Input
Changes the default units used for the majority of input fields.

Equivalent Options menu item — Default Units

Exit VisFlo
Exits the VisFlo program.

Equivalent File menu item — Exit

‘ﬁE@@ﬂﬂﬂ-

Clicking on the down arrow w next to the “‘Exit VisFlo’ button displays the More
Tools menu that allows the following menu options to be added or removed:

* New
e Open
e Save
e Print

e Print Preview

e Default Units

e Exit.

Resize toolbar and customise facilities are available.

VisFlo User Guide
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3. VisFlo Tutorial

3.1. General
This tutorial contains examples of how to use VisFlo. These are:
Example 1 — Creating an Isothermal Pressure Drop Calculation
Example 2 — Creating a Laminar Flow Heat Transfer Calculation
Example 3 — Creating a Turbulent Flow Heat Transfer Calculation.
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3.2. Example 1 — Creating an Isothermal Pressure Drop Calculation

For steady flow of a liquid in a pipe system between sections 1 and 2, a mechanical energy balance
can be written as:

P, Vi _ P,
—to o t4=E—ta;

2
—247,+3h
pg 29 pg ‘29

where:

P = absolute pressure

V = velocity

Z = elevation above an arbitrary datum

o = kinetic energy correction factor

> h =the sum of the head losses for all straight pipe sections and all fittings.

Either pressure drop or flowrate can be specified and the other calculated. Details of the
calculation procedures and correlations used are given in Chapter 3 of the non-Newtonian flow
design guide.

Example:

The following example illustrates the use of VisFlo for isothermal pressure drop calculations.

A non-Newtonian liquid is to be transferred under gravity flow from a header tank to a lower tank.
The pipeline is 15m long with an inner diameter of 0.0762m.

A schematic representation of the pipe system is shown in Figure 12]below:

Gate ValveX
5m

Globe Valve

Bend {><}

Bend

Figure 12 Isothermal Pressure Drop Calculation example
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3.2.1. Accessing VisFlo

Procedure

=k

2.

Access VisFlo by selecting Start | Programs | PEL | then click on the VisFlo icon (see left).

A splash screen showing the program name and version number appears briefly before the

start up screen (see is displayed.

3.2.2. Adding the Isothermal data

Procedure
1. Go to the File menu and select New then » Isothermal. The Isothermal Calculation window
is displayed.
2. Enter a text string in the Description of calculation field to identify the calculation.
3. Go to the Fluid Density field and enter 1000 kg/m®.
4. Go to the Calculation Method field and select Generalised Bingham from the drop down
list.
5. Go to Viscosity Settings and enter the following values:
TAUY: 1.0
K: 0.011
N: 0.9
6. The Viscosity Settings fields now look like this:
Yiscozity Seltings
TALY [1.000
K. [0.ome
N 0,300
7. Go to the Calculation Mode field. Select Pressure Drop Fixed from the drop down list and
enter the following values in the Flow Settings fields:
Flow Rate: 1.0 kg/s
Pressure Drop: 0.0 N/m2
Flowrate Convergence:  0.01 kg/s
8. The Flow Settings fields now look like this:

Flow Settings

Flow Rate |1 oo ks
Freszure Drop Iq— kgdar

Flawrate Convvergence ||:|_|:|1 0 kgiar

VisFlo User Guide
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3.2.3.

Adding the Pipeline Details data

Procedure

1.

2.

Click on the Pipeline Details tab and enter the following values in the fields displayed:

Inlet Pipe Diameter: 3.0m
Outlet Pipe Diameter:  0.0762 m
Start Elevation: 50m
End Elevation: 0.0m

The Pipeline Details data fields now look like this:

Pipeline Details

|nlet Fipe Diarmeter W
Outlet Pipe Diameter IW
Start Elesation W
End Eleation W

3 3 % 3

3.2.4. Adding the Conduits data

Procedure

1. Click on the Conduits tab and enter the following values in the fields displayed:

2. Go to the “Conduit Type’ drop down list and select Sudden Contraction. Enter the following
values:
Upstream Diameter: 3.0m
Downstream Diameter:  0.0762 m
Number Off: 50m

3. Click on the Add button. Sudden Contract appears in the left-hand panel.

4. Go to the *Conduit Type’ drop down list and select Pipe Straight. Enter the following values:
Diameter: 0.0762 m
Absolute Roughness: 0.0m
Length: 15.0m
Number Off: 1

5. Click on the Add button. Pipe Straight appears in the left-hand panel.

6. Select Gate Valve from the Conduit Type drop down list and enter the following values:
Diameter: 0.0762 m
Number Off: 1

7. Click on the Add button. Gate Valve appears in the left-hand panel.
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8. Select Elbow from the Conduit Type drop down list and enter the following values:

Diameter: 0.0762 m
Number Off: 2

9. Click on the Add button. Elbow appears in the left-hand panel.
10. Select Globe Valve from the Conduit Type drop down list and enter the following values:

Diameter: 0.0762 m
Number Off: 1

11. The field to the left of the Conduit Type selector now looks like this:

Sudden Contraction Conduit Type

Pipe Straight Globe Walve j

Gate YWalve

Elbowy

Globe Yalve Diameter [oo7sz e

Orifice Ciarneter I— eryie
&bzolute Boughness |— Lre
Length I—
Upstream Diameter I— i
Downztream Diarmeter I—
I—

Murnber OFF 1

3.2.5. Performing the calculation

Procedure

1. Click on the Calculate button (see left). The results of the calculation are displayed in the
Results field on the right-hand side of the screen as shown below:

Results

|30THERMAL PEEZZURE DEOF CALCULAT ION/ -

FLUID DENSITY

F¥IELD 3TRE3EZ ([TaUy)
CONS ISTENCY INDEX (K]
K&/ M.BEC**E-H

1000.0 EGM2
0_1000E+01 E&/M._ZEC
0.1100E-01

FLOW EEHAVIOUE INDEX (M) = o0.70

FEEZ3URE DEROF FIXED = 0_0000E+00 HAME
INLET DIAMETEER = 20000 M

OUTLET DIAMETEER = 0,076z M

INITIAL ELEWAT ION = s.0M

FINAL ELEVAT ION = o.0 M

Figure 13 Isothermal Calculation Results (part of)

% 2. A paper copy of the results can be printed either by clicking on the Print toolbar button (see
left) or go to the File menu and select Print. The complete results file is printed in the format
shown on the following page.

Note. The output units shown in the results are predetermined and cannot be changed.
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ISO‘"HERNAL PRESSLRE mq:) C:ALClLATI O\v EE R R R R R R
FLU D DENSI TY = 1000.0 KG M8
YI ELD STRESS ( TAUY) = 0.1000E+01 KG M SEC
CONSI STENCY | NDEX (K) = 0.1100E-01 KG M SEC**2-N
FLOW BEHAVI QUR | NDEX (N) = 0.90
PRESSURE DROP FI XED = 0.0000E+00 N M2
I NLET DI AMETER = 3.0000 M
OUTLET DI AVETER = 0.0762 M
I NI TI AL ELEVATI ON = 50M
FI NAL ELEVATI ON = 0.0M
CONDUI T NUMBER 1
SUDDEN CONTRACTI ON
UPSTREAM DI AVETER = 3.0000 M
DOWNSTREAM DI AVETER = 0.0762 M
NUMBER OF ITEMS OF THIS TYPE = 1
CONDUI T NUMBER 2
STRAI GHT Pl PE
DI AVETER = 0.0762 M
ROUGHNESS = 0.0000E+00 M
LENGTH = 15.0 M
NUMBER OF I TEMS OF THIS TYPE = 1
CONDUI T NUMBER 3
GATE VALVE
DI AVETER = 0.0762 M
NUMBER OF I TEMS OF THIS TYPE = 1
CONDUI T NUMBER 4
ELBOW
DI AVETER = 0.0762 M
NUMBER OF I TEMS OF THIS TYPE = 2
CONDUI T NUMBER 5
GLOBE VALVE
DI AVETER = 0.0762 M
NUMBER OF I TEMS OF THIS TYPE = 1
1CONDUI T HEAD LOSSES
CONDUI T : CONDUIT : VELOCI TY : REYNOLDS : NUVBER OF :  HEAD
NUMBER : TYPE : (MSEC) : NUMBER : VELOCITY :  LOST
: : : HEADS (M
LosST
1 2 1.65 : 1.98E+04 : 0.72 : 0.10
2 : 1 © 1.65 : 1.98E+04 : 504 : 0.70
3 : 6 © 1.65 : 1.98E+04 : 2.10 : 0.29
4 : 5 © 1.65 : 1.98E+04 : 0.90 : 0.12
5 7 1.65 : 1.98E+04 : 25.40 : 3.52
CONDUI T : CONDUIT : VELOCITY : REYNOLDS :  WALL  : APPARENT :
NUMBER : TYPE : (MSEC) : NUMBER : SHEAR : VI SCOSITY:
: : : : RATE o (N.S/IM)
(1/s)
1 2 1.65 : 1.98E+04 : 1.11E+03 : 7.85E-03 :
2 : 1 © 1.65 : 1.98E+04 : 1.11E+03 : 7.85E-03 :
3 : 6 : 1.65 : 1.98E+04 : 1.11E+03 : 7.85E-03 :
4 - 5 ©  1.65 : 1.98E+04 : 1.11E+03 : 7.85E-03 :
5 7 1.65 : 1.98E+04 : 1.11E+03 : 7.85E-03 :
CALCULATED FLOARATE = 7.52 K@ SEC
CALCULATED PRESSURE DROP = 1.2686E+01 N M
Figure 14 Isothermal Calculation Results
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3.3. Example 2 — Creating a Laminar Flow Heat Transfer Calculation
This procedure describes the steps to generate a Laminar Flow Heat Calculation.
Details of the calculation procedure and correlations used in the laminar flow heat transfer
calculation are given in Chapter 6 of the non-Newtonian flow design guide. The calculation takes
account of the variation of viscous properties with temperature and internal heat generation from
viscous dissipation.
Two alternative boundary conditions can be specified:

1. Constant wall temperature

2. Constant wall heat flux (a positive value indicates heat input).
Example:

A molten polymer at an initial temperature of 200 degrees C is to be pumped through a straight
pipe 1m long with an Inner Diameter of 0.01288m. There is to be no heat flux through the pipe
wall.

3.3.1. Adding the Laminar Heat Transfer data

Procedure

1. Access VisFlo as described in section|3.2.1]

2. Go to the File menu and select New then » Laminar. The Laminar Calculation window is
displayed.

3. Enter a text string in the Description of calculation field to identify the calculation.
4. Go to the Fluid Density field and enter 766.0 kg/m®.

5. Go to the Calculation Method field and select Generalised Bingham from the drop down
list.

6. Go to Viscosity Settings and enter the following values:

TAUY: 0.0
KO: 0.011
N: 37000.0
A: 7766.30
N: 140.0
VisFlo User Guide Page 39 of 50
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9. The Viscosity Settings fields now look like this:

Yizcoszity Settings

TALY |n.nnn
Al |3?unn.n
M |n.3?n

A [77e6.30° C=
o [1anoo0 -

10. Go to Heat Settings and enter the following values:
Heat Capacity: 2189.00
Thermal Conductivity: 0.2412
Coefficient of Thermal Expansion: 0.0
Fluid Temperature: 200.0

11. The Heat Settings fields now look like this:

Heat Settings

Heat Capacity Im JAkakr
Thermal Conductivity Im Wk
Caoeff. of Thermal Exp. W Ao
Fluid Temperature IM Cr

3.3.2. Adding Additional Details

Procedure
1. Go to the Flow Rate field and enter 000347 kg/s.

2. Go to Pipeline Details and enter the following values:

Pipe Diameter: ~ 0.01288 m
Pipe Length: 1.0m

3. Go to the Wall Boundary field and select Wall Heat Flux Spec from the drop down list.
4. Go to Wall Conditions and enter the following value:

Wall Heat Flux: 0.0

5. Go to Radial and Axial Settings and enter the following values:

Number of Radial Increments: 0.0
Axial Dimensionless Step: 0.0
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3.3.3. Performing the calculation

Procedure

1. Click on the Calculate button (see left). The results of the calculation are displayed in the
Results field on the right-hand side of the screen as shown below:

Aesulls
LAMINAD FIAT TRARITIR CALCULEATIEH/ :.
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
FLUIT OCFIITY = TEE.0 ERIE
YIELE: ITRESS (TArT) = OO0
KM, BEC
CANDIITLECY IHDIX 0K = DL ATEAEERS
KOSH, FECTTI-F
FLOM BEMAFIOUER INLEL |E) & Doy
TENF DEFERDERCE FARAMITEN (&) & B AVEALESEY K
FETCFENRLT TINFCREETURE (Tdi = lgd.00F OER
RS CAFAC LT - Tlav .k -l'l-h'l K
TEEMEAL CONDACT IFITY 5 .24l WK
CAETP OF THERHAL CEFXHS10H = 08008 /DEG 0
FIFE D DAMETID ERITI R .,
FIFE LERETH - 1.00 H
FLOMLETE = OLa038 KR IAED
ISLET TIMFLCRATURE = ipd.00 DOE ©
HALL MEAT FL¥E = BOOMESE WHTTE
FMMEIR OF RADIAL [HCECEEHTE & 1840
AL EAL. STEF LINNTH - B, SRRl -

Figure 15 Laminar Calculation Results (part of)

2. A paper copy of the results can be printed either by clicking on the Print toolbar button (see
% left) or go to the File menu and select Print.

The complete results file is printed in the format shown on the following page.

Note. The output units shown in the results are predetermined and cannot be changed.
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LAM NAR HEAT TRANSFER C:A\LClJLATI G\V khkhkhkhkhkhkhkhkhkdkhkhkhhkhkhkrhkhkhkhkhkdhkhrkhrdhkkxkxk

FLUI D DENSI TY = 766.0 KG M3

YI ELD STRESS (TAUY) = 0.0000E+00 KG M SEC

CONSI STENCY | NDEX (K) = 0.3700E+05 KG M SEC**2-N

FLOW BEHAVI OUR | NDEX (N) = 0.37

TEMP DEPENDENCE PARAMETER (A) = 0.7766E+04 K

REFERENCE TEMPERATURE (TO) = 140.00 DEG C

HEAT CAPACI TY = 2189.0 J/KG K

THERMAL CONDUCTI VI TY = 0.2412 WM K

CCEFF OF THERMAL EXPANSION = 0. 0000 /DEG C

Pl PE DI AVETER = 0.0129 M

Pl PE LENGTH = 1.00M

FLOWRATE = 0.0035 K@ SEC

| NLET TEMPERATURE = 200.00 DEG C

WALL HEAT FLUX = 0.0000E+00 W M *2

NUMBER OF RADI AL | NCREMENTS = 100

AXI AL STEP LENGTH = 0. 1000E- 06

FLUI D VELOCI TY = 0.035 M SEC

REYNOLDS NUMBER = 0. 2240E- 04

PRESSURE DROP = 0.1517E+08 N M*2

FINAL VELOCI TY PROFILE ( CENTRE TO WALL IN M SEC )
0.052  0.052 0.052 0.052 0.051 0.051  0.051  0.051  0.051
0.051 0.051 0.051  0.051  0.051  0.051  0.051  0.051  0.050
0.050 0.050 0.050 0.050 0.049  0.049  0.049  0.048  0.048
0.047 0.047 0.046  0.045 0.044  0.043  0.042  0.041  0.040
0.039  0.037 0.035  0.034 0.032 0.029 0.027  0.024  0.022
0.019  0.015 0.012  0.008  0.004  0.000

NUSSELT NUMBER = 0. 00

HEAT TRANSFER CCEFFI Cl ENT = 0.00 WM*2 K

FINAL BULK TEMPERATURE = 209.14 DEG C

FI NAL TEMPERATURE PROFI LE ( CENTRE TO WALL IN DEG C )
201.5 201.6 201.6  201.6 201.6  201.7  201.8  201.9  202.0
202.1  202.2  202.4  202.5  202.7 202.9 203.1  203.3  203.6
203.9  204.2  204.5  204.8 205.2  205.6  206.0  206.4  206.9
207.3  207.8  208.4  208.9  209.4  210.0  210.6  211.2  211.8
212.4  213.0 213.6  214.2  214.8 215.4  215.9  216.4  216.9
217.3  217.7  218.0  218.2  218.3  218.4

Figure 16 Laminar Calculation Results
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3.4. Example 3 — Creating a Turbulent Flow Heat Transfer Calculation
Details of the calculation procedure and correlations used in the turbulent flow heat transfer
calculation are given in Chapter 7 of the non-Newtonian flow design guide. Fluid properties at the
average bulk temperature should be used.
Friction factors can be determined by one of three different methods:
1. Colebrook-White equation for friction factor versus Reynolds number
2. User supplied friction factor versus Reynolds number data
3. User supplied degree of drag reduction versus friction velocity data.
Reynolds numbers are based on the apparent viscosity at the wall. If user supplied data are to be
used, a maximum of 20 data points can be entered and linear interpolation is carried out between
data points.
This procedure describes the steps to generate a Laminar Flow Heat calculation.
The following example illustrates the use of VisFlo to determine.
Example:
A slurry is known to be not subject to drag reduction and is to be heated on the tube side of a shell
and tube heat exchanger. The tube Inner Diameter is 0.02 m and the Flowrate in each tube is 0.5
kag/sec.
3.4.1. Adding the Turbulent Heat Transfer data
Procedure
1. Access VisFlo as described in section|3.2.1
2. Go to the File menu and select New then » Turbulent. The Turbulent window is displayed.
3. Enter atext string in the Description of calculation field to identify the calculation.
4. Go to the Fluid Density field and enter 1050.0 kg/m®.
5. Go to the Calculation Method field and select Generalised Bingham from the drop down list.
6. Go to Viscosity Settings and enter the following values:
TAUY: 0.0
KO: 0.001
N: 0.95
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7. The Viscosity Settings fields now look like this:

Yizcozity Settings

TaLY [0.oo0
k. 0001
M 0350

8. Go to Heat Settings and enter the following values:

Heat Capacity: 4200.00
Thermal Conductivity: 0.6

9. The Heat Settings fields now look like this:

Heat Settings

Heat Capacity |42IZIIZI.IZIIII Jik K

T hermal Conductivity [.E00 LR A

3.4.2. Adding Friction Parameters data

Procedure

1. Go to the Friction Factor Mode field and select No Drag Reduction from the drop down
list.

2. Go to the Flow Rate field and enter 0.500 kg/s.
3. Go to Pipeline Details and enter the following values:

Pipe Diameter:  0.02 m
Pipe Length: 0.0m

4. The Friction Parameters dialog now looks like this:

Turbulert | Friction Parameters i

Friction Factor Mode IN.;. Drag Reduction j
Flow Fate ID.EEIEI kglew
Pipeline Details
Fipe Diameter 0.020 "
Abzolute B oughness 0.000 ke
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3.4.3. Performing the calculation

Procedure

1. Click on the Calculate button (see left). The results of the calculation are displayed in the
Results field on the right-hand side of the screen as shown below:

Results

TUREVLENT HEAT TRANSFER C&LCULAT 10K,/

FLUTID DEHZITY
¥IELD 3TRE33 (TAITY)

lo50.0 HES Mz
0._0000E+00 EG'M_SEC

CONSISTENCY INDEX (K] 0_1000E-0EZ
E&'M.SEC**E-N
FLOT EEHAVIOUER INDEX (M) a_35

HEAT CAPACITY
THERMAL CONDUCT IVITY
PIFE DIAMETER
FIFE ROUGHNWNESZ

4x00.0 JAEG K
0_6000 TWM.K
o.0z00 M

0_0000E+00 M

FLOWEATE 0._5000 K& 3EC
FLUTID VELOCITY = 1.516 M/3EC
BEYNOLDEZ HUMEEER = 0.504ZE+05
FEICTION FACTOR = 0.3181E-0Z
E-COEFTICIENT = 5.1l00
PRANDTL HUMEEER = d._4z2
WIZSELT MMEEE = g 74

HEAT TRANSFEER. COEFFICIENT GEdE_ 11 W/ HM**E K

Figure 17 Turbulent Calculation Results (part of)

2. A paper copy of the results can be printed either by clicking on the Print toolbar button (see
% left) or go to the File menu and select Print.

The complete results file is printed in the format shown on the following page:

Note. The output units shown in the results are predetermined and cannot be changed.
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TURBULENT HEAT TRANSFER CALCULATI ON
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESES]

FLUI D DENSI TY = 1050. 0 KG M3

Y| ELD STRESS ( TAUY) = 0.0000E+00 KG M SEC
CONSI STENCY | NDEX ( K) = 0.1000E-02 KG M SEC**2-N
FLOW BEHAVI OUR | NDEX (N) = 0.95

HEAT CAPACI TY = 4200.0 J/KG K

THERMAL CONDUCTI VI TY = .6000 WM K

PI PE DI AVETER = .0200 M

Pl PE ROUGHNESS = 0.0000E+00 M

FLOARATE = .5000 K@ SEC

FLUI D VELOCI TY = 1.516 M SEC

REYNOLDS NUMBER = 0.5042E+05

FRI CTI ON FACTCR = 0.5181E-02

B- COEFFI CI ENT = 5.100

PRANDTL NUMBER = 4. 42

NUSSELT NUMBER = 274.74

HEAT TRANSFER COEFFI Cl ENT = 8242.11 WM*2 K
Figure 18 Turbulent Calculation Results
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Appendices

Appendix A — Field Input

There are two standard field entries — a text box field and a unit field box. Both of these allow the
user to click into or tab to then and enter data.

The Text Box

The text box is typical of each calculation and is used to enter a textual description of the type of
calculation.

Description of calculation |Tur|:|ulent Example

The next text box is set up to allow numerical data such as 1,2,40, etc.

Murmber O1ff |-|

The Unit Field Box

The unit field box comprises of an input box and a unit pull down list. The entered value is
dependant on the unit shown.

Pipeline Details

Inlet Fipe Diarneter |3_|:| [
Cutlet Fipe Diameter I k.
Start Elevation I zm
End Elevation I Micron
Angztrom
mile
wd
ft
inches
thow

Enter a value followed by a unit parameter which is converted automatically to the displayed unit
either when the return key is pressed or the cursor is moved to another field.

In the following example 3.0 inches is entered and becomes 0.0762 m.

Pipeline Details

Inlet Pipe Diameter |3_|:|" 11\

becomes:

Pipeline Details

Inlet Pipe Diameter ||:|_|:|?|32 i

VisFlo User Guide Page 47 of 50
Document Version 1.4 — 24 October 2005



AL IDED
R

The displayed unit can be changed by clicking on it and selecting from the displayed list (see
example below). This has the effect of automatically changing any value entered in the field to the

new unit type.

Fipe Length

Wall Boundary

Wall Conditions
Wall Temperature

Wiall Heat Flu

[003302 | e
km
m

IWaII Temp | mm

o
o

TRiCTan
Angsatrom
mile
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Use these pages to record any notes.
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